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SPECIFICATION 

1. Title of the Invention 
Biosensor 

2. Claims 

(1) A biosensor comprising a biosensor that measures the substrate concentration in 
a sample solution by providing an electrode system composed of at least a measurement 
electrode and counter electrode and electrochemically detecting the changes in the 
substance concentration by the aforementioned electrode system during reaction of an 



enzyme, electron acceptor and sample solution, ^herein a water-absorbent polymer layer ts 
formed on top of the aforementioned electrode system. 

(2) The biosensor of Claim 1 wherein the thickness of the water-absorbent layer is 
from 0. 1 to 100 /urn. 

(3) The biosensor of Claim 1 wherein the water-absorbent polymer is any of the group 
composed of a starch system, carboxymethyl cellulose system, gelatin system, acrylate 
system, vinyl alcohol system, vinyl pyrrolidone system, maleic anhydride system or a ' 

So" Y & 

mixture of these. 

(4) The biosensor of Claim 1 wherein a solution holding layer made from a hydrophilic 
porous body is provided on top of the water-absorbent polymer layer. 

3. Detailed Explanation of the Invention 

Industrial field of utilization 

The present invention concerns a biosensor that makes it possible to rapidly and 
easily determine specific components in various trace biological samples without diluting 
the sample solution. 

Conventional technology 

The biosensor shown by Figure 3 was proposed as a method of determining specific 
components in biological samples such as blood, etc. at high accuracy without conducting 
procedures such as diluting the sample solution, stirring, etc. in the past* This 

-2- 



r 



biosensor Is equipped with measurement electrode 11 and counter electrode 12 which are 
made of platinum, etc. and the respective leads 13 and 14 embedded in insulating substrate 
15. The exposed parts of this electrode system are covered by filtration film 10 to 
filter substances that interfere with measurement and porous body 16 that contains oxido- - 
reductase and electron acceptor. When sample solution Is applied dropwise on top of 
porous body 16, the electron acceptor in the porous body dissolves in the sample solution 
and the electron acceptor Is reduced by the advance of an enzymatic reaction with the 
substrate in the sample solution. Giant proteins that interfere with measurement such as 
the erythrocytes and leukocytes in the blood are filtered out by filtration film 10 from 
the sample solution that has completed the reaction. The sample reaction solution that 
contains only low molecular weight substances such as the electron acceptor, salts, etc. 
falls down on top of measurement electrodes 11 and 12. The aforementioned reduced 
electron acceptor is electrochemically oxidized on top of the electrode and the substrate 
concentration in the sample solution is determined from the oxidation current value 
obtained at this time. 

Problems to be resolved by the present invention 

However, although such a conventional construction can tentatively be used as a 
sensor, the sample reaction solution falls unevely on top of the electrode and the 
measured values are unstable and the reproducibility poor because of residual air bubbles 
and decreased electrode surface area since the electrode surface is not wetted 
satisfactorily. 

The present invention resolves such problems and has as its object to make possible 
stable measurement by forming a stable solution film layer by providing a water-soluble 
polymer layer on top of the measurement electrode and counter electrode. 

Means of problem resolution 

In order to resolve these problems, the present invention provides a water-absorbent 
polymer layer which sufficiently covers the electrode surface on top of the electrode 
system composed of at least a measurement electrode and counter electrode. Stable 
measurement is carried out by forming a gelled, homogeneous reacted solution film layer on 
top of the electrode by absorbing the reacted solution that has undergone reaction of the 
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enzyme, electron acceptor and sample solution by the aforementioned water-absorbent- _. 

polymer layer in this way. 

Natural polymers that can be used as polymers that gel by absorbing water include a 
starch system, cellulose system, alginic add system, gums, proteins, etc. Synthetic; 
polymers include various types such as a vinyl system, acrylic acid system, maleic 
anhydride system, aqueous urethane system, polyelectrolyte system, etc. However, starch 
systems, carboxymethyl cellulose systems, gelatin systems, acrylate systems, vinyl alcohol 
. systems, vinyl pyrrolidone systems and maleic anhydride systems are preferred. These may 
be used individually, as mixtures or copolymers. Since these polymers can easily produce 
aqueous solutions, the advantage is that a thin film of the necessary thickness can be 
formed directly on top of the electrode by applying an aqueous solution of the appropriate 
concentration and drying. 

Action 

This construction permits stable electrochemical measurement and makes it possible to 
resolve uneven wetting of the electrode and residual air bubbles, etc. because a gel layer 
that sufficiently covers the electrode surface is formed in a stable manner by dropping 
the reacted solution that has undergone reaction of the enzyme, electron acceptor and 
sample solution on top of the electrode and adhering on top of the electrode by causing 
the solution to be absorbed in the water-absorbent polymer layer on top of the electrode. 

Practical example 

A practical example of the present invention is explained below. 

A glucose sensor is explained as an example of a biosensor. ^Figure 1 shows a. ... 
practical example of a glucose sensor and is Vcross-sectionaldlagram of the sensor; 
construction. Conductive carbon paste is printed by screen printing on Insulating 
substrate 8 which is made of polyetfiylene terephthalate and an electrode system composed 
of measurement electrode 6 and counter electrode 7 and the lead part (not shown in the 
figure) is formed by drying by heating. Next, insulating layer 5 is formed by printing 
and drying an insulating paste in the same way as described above so as to partially cover 
the electrode system and obtain a set electrode surface area. Porous body l~and filtra- 
tion film 2 having a pore diameter of 1 fim made of polycarbonate are held by holding 
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frames 3 and 4. The aforementioned porous .body 1 was produced by Impregnating cellulose 
paper with a solution obtained by dissolving 100 mg of glucose oxidase which is an oxldo- 
reductase and 150 mg of potassium ferrlcyanide as an electron acceptor in 1 mL of 
phosphate buffer (pH 5.6) and drying'. 9 is the water-absorbent polymer layer according to 
the present invention. It is obtained by directly applying a 1 % aqueous solution of 
carboxymethyl cellulose on top of the electrode and drying. The film thickness after 
drying is 2 urn. 

Glucose aqueous solution was applied dropwise as sample solution to porous body 1 of 
a glucose sensor of the construction described above. The voltage of measurement 
electrode 6 was swept at a speed of 0.2 V/sec in the direction of the anode. The glucose 
which was added dropwise produces potassium ferrocyanide by reacting with the potassium 
ferricyanide under the action of glucose oxidase maintained in porous body 1. The^ple . 
reacted solution in which this reaction has been completed penetrates fUtr^dh fim iT' 
Is absorbed by' water-absorbent polymer layer 9 and water-soluble gel layer 9 Is formed by 
the water-absorbent polymer that contains the potassium ferrocyanide which adheres on top 
of the electrode and completely covers the electrode surface. The potassium ferrocyanide 
produced is electrochemically oxidized to potassium ferricyanide by sweeping in the 
direction of the anode as described above and the peak of the oxidation current is 
obtained. This oxidation peak current value corresponds to the glucose concentration in 
the sample. 

Figure 2 shows the correlation between this oxidation peak current value and the 
glucose concentration. A in the figure shows when the carboxymethyl cellulose thin film 
layer of the present invention was provided. B shows when a thin film layer was not 
provided in a conventional example. The mean values tad the range of fluctuations 
obtained by measuring each glucose concentration 5 times are shown. A shows good 
linearity and few fluctuations at each glucose concentration. However, the fluctuations 
! are extremely large in conventional example B and some show abnormally small current 
values. When the condition on top of the electrode was studied in the case of such small 
current values, it was understood that only part of the electrode was wetted or air 
bubbles remained on top of the electrode or between the electrodes. On the other hand, 
when gel layer 9 is formed by water-absorbent polymer, a solution layer with little 
fluidity is formed in a stable manner on top of the electrode even when the amount of 



filtered solution is small. No residual air bubbles either were seen and the electrode 
surface was understood to be completely wetted. 

The water-absorbent polymer layer of the present invention is understood to act 
effectively within a specific film thickness range based on the drying condition. This 
range varies slightly depending on the polymer material. For example, a film thickness of 
from 0.5 to 50 fim is appropriate in the case of the aforementioned carboxy methyl 
cellulose. However, a range of from 0. 1 to 20 ftm is appropriate in the case of the 
acrylate type polymer Aquakeep 10SH (made by Seitetsu Kagaku Kogyo). As a result of 
various studies, it was understood that the preferred range is from 0.1 to 100 urn to form 
a stable gel layer. A stable layer is not obtained owing to ready movement of the 
solution layer when the film thickness is less than 0. 1 urn. Conversely, thick films of 
more than 100 ^m are not appropriate because diffusion of the sample solution is 
unsatisfactory and ungelled parts develop when there is a tiny amount of sample solution 
of from several //L to several tens of //In- 
stable values were obtained even when blood was measured as the sample solution by 
the aforementioned glucose sensor. Although not shown in the figure, placing a thin sheet 
of a hydrophilic porous body such as cellulose, rayon, etc. between the filtration film 2 
and water-absorbent polymer layer 9 as a solution holding layer makes the filtration speed 
of the sample solution faster and also makes it possible for the filtrate to be absorbed 
rapidly and evenly in the water-absorbent polymer layer. 

A two-electrode system of only a measurement electrode and counter electrode was 
described in the aforementioned practical example. However, more precise measurement is 
grcsible b y making a three-electrode system by adding a reference electrode. 

p-Benzoquinone, phenadine methosulfate, etc. can also be used in addition to the 
potassium ferricyanide used in the aforementioned practical example as the electron 
acceptor. The sensor of the aforementioned practical example can also be used as an 
alcohol sensor, cholesterol sensor, etc. if alcohol oxidase, cholesterol oxidase, etc. are 
used besides the glucose oxidase of the aforementioned practical example. 

Effects of the present invention 

The biosensor of the present invention as described above obtains the effect of 
making possible stable, accurate measurement by forming a stable gel solution layer that 
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sufficiently wets the electrode surface even with a small amount of solution by providing 
a water-absorbent polymer layer on top of the electrode system. 

4, Brief Explanation of the Figures 

Figure 1 is a cross-sectional diagram of a biosensor which is a practical example of 
the present invention. Figure 2 is a biosensor response characteristic diagram. Figure 3 
is a cross-sectional diagram of a conventional biosensor. 

1 ... Porous body, 2 ... filtration film, 5 ... insulating layer, 6 ... measurement 
electrode, 7 ... counter electrode, 8 ... insulating substrate, 9 ... water-absorbent 
polymer layer. 



Figure 1. 




Figure 3. 
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1 ... Porous body 

2 ... Filtration film 

3, 4 ... Holding frames 

5 ... Insulating layer 

6 ... Measurement electrode 

7 ... Counter electrode 

8 ... Insulating substrate 

9 Water-absorbent polymer layer 
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